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%RUMDVS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LQZKLFK 
 WW\ MV' LVWKHFKDQJHEHWZHHQ\HDUVW DQGW
 LQWKHPHDVXUHRIWKHODERXUPDUNHWRXWFRPHH[SHULHQFHGE\QDWLYHVZKROLYHLQUHJLRQM DQGEHORQJWRVNLOOJURXSV 
 WWP MV' LVWKHFKDQJH LQ WKHVWRFNRI LPPLJUDQWV UHODWLYH WR WKHVWRFNRIQDWLYHV LQ WKDW UHJLRQ IRU WKDWVNLOOJURXSRYHUWKDWSHULRG[MV LVDYHFWRURIFRQWUROYDULDEOHVZLWKFRHIILFLHQWYHFWRUD DQGXMVLVWKHVWRFKDVWLFHUURU,QWKLVSDSHUZHOLPLWWKHDQDO\VLVWRWKHLPSDFWRILPPLJUDWLRQRQWKHZDJHVRIQDWLYHVDQGHDUOLHULPPLJUDQWV7KHSDUDPHWHURILQWHUHVWLVE(VWLPDWHVRIE YDU\DFURVV VWXGLHV DQG HYHQ ZLWKLQ VWXGLHV DFURVV VSHFLILFDWLRQV 6XFK D YDULDELOLW\ ZKLFK LVSUREDEO\QRWRQO\GXHWRVDPSOLQJYDULDWLRQPLJKWKDYHWKUHHSRWHQWLDOH[SODQDWLRQV(LWKHUWKHHTXDWLRQVDUHPLVVSHFLILHGGXH WRRPLWWHGYDULDEOHELDV RU WKHPLJUDWLRQ VKRFN LWVHOI LVHQGRJHQRXV RU WKH µWUXH¶ HIIHFW GHSHQGV RQ WKH VSHFLILF VLWXDWLRQ WKDW KDV EHHQ DQDO\VHGFRXQWU\SHULRGW\SHRIGDWD7KHFDVHRIDYDU\LQJSDUDPHWHUE LVUHIHUUHGWRDVWKHFDVHRIKHWHURJHQHLW\LQPHWDDQDO\VLV:LWKUHVSHFWWRWKHLVVXHRIPLVVSHFLILFDWLRQ%RUMDVQRWHVWKDWWKHZDJHVREVHUYHGLQ ORFDO ODERXU PDUNHWV PD\ FKDQJH RYHU WLPH GXH WR VSDWLDO IRUFHV WKDW DUH QRW ZHOOXQGHUVWRRGDQGLQDQ\FDVHQRWPRGHOOHGLQWKHUHJUHVVLRQHTXDWLRQV:LWKUHVSHFWWRWKHLVVXH
RI KHWHURJHQHLW\ WKHUH DUH VWDWLVWLFDO WHVWV WR LGHQWLI\ WKLV VHH HJ6KDGLVK DQG +DGGRFN 0HWDUHJUHVVLRQ DQDO\VLV LV FRPPRQO\ XVHG WR LGHQWLI\ VSHFLILF FDXVHV RIKHWHURJHQHLW\:LWKUHVSHFWWRWKHHQGRJHQHLW\SUREOHPLWVKRXOGEHQRWHGWKDWPLJUDQWVDUHSDUWLFXODUO\DWWUDFWHG WR UHJLRQV ZKHUH ZDJH JURZWK LV WKH KLJKHVW 7KH HQGRJHQHLW\ RI WKH LPPLJUDQWVWRFNVXJJHVWVWKDW2/6OHDGVWRLQFRQVLVWHQWHVWLPDWHVDQGWKDWDQLQVWUXPHQWDOYDULDEOH,9DSSURDFKLVHVVHQWLDO2QHRI WKHPDLQSUREOHPV LQ WKLV OLWHUDWXUH LV WR ILQG VXLWDEOH LQVWUXPHQWV YDULDEOHV WKDWH[SODLQ LQZDUG LPPLJUDWLRQ EXW DUH QRW GLUHFWO\ UHODWHG WR FKDQJHV LQ QDWLYHV¶ ZDJHV $VJRYHUQPHQWVGRQRWIRUFHPLJUDQWVWRVHWWOHLQVSHFLILFORFDWLRQVIROORZLQJVRPHH[SHULPHQWDOGHVLJQDQGLQPRVWFRXQWULHVLQWHUQDOPLJUDWLRQLVIUHHLQDQ\FDVHVRWKDWWKHZLWKLQFRXQWU\PRYHPHQWRILPPLJUDQWVFRXOGRIIVHWDQH[RJHQRXVVHWWOHPHQWSROLF\DFRPPRQLQVWUXPHQWLV WKH PLJUDQW VWRFN LQ WKH SUHYLRXV SHULRG %HFDXVH WKHUH LV D ZHOOHVWDEOLVKHG IDFW WKDWPLJUDQWVFOXVWHUDQGWURWZHOOZRUQSDWKVIURPDUHDVRIRULJLQWRDUHDVRIGHVWLQDWLRQVHHHJ*RUWHU HW DO  WKLV LQVWUXPHQW XVXDOO\ KDV D KLJK FRUUHODWLRQ ZLWK FXUUHQW LQIORZV1RQHWKHOHVVWKHSUHGHWHUPLQHGPLJUDQWVWRFNLVQRWDJRRGLQVWUXPHQWZKHQWKHUHLVVSDWLDOSHUVLVWHQFHLQZDJHJURZWK*LYHQ WKH SUREOHP RI ILQGLQJ FRUUHFW LQVWUXPHQWV WKHUH KDV EHHQ D VHDUFK IRU WUXO\H[RJHQRXV LPPLJUDWLRQ VKRFNV LQ ORFDO ODERXU PDUNHWV VXFK DV WKH  LQIOX[ RI &XEDQLPPLJUDQWVWR0LDPLWKHVRFDOOHG0DULHOERDWOLIWZKLFKLQFUHDVHG0LDPL¶VODERXUIRUFHE\VHYHQSHUFHQWDOPRVWRYHUQLJKW%\PHDQVRIWKHVWDQGDUGGLIIHUHQFHLQGLIIHUHQFHVHVWLPDWRUWKLV µQDWXUDO H[SHULPHQW¶ VXJJHVWHG WKDW WKH ODUJH LPPLJUDWLRQ VKRFN KDG QR LPSDFW RQ0LDPL¶VQDWLYHRXWFRPHV&DUG7KH H[DPSOH RI WKH0DULHO ERDWOLIW VXJJHVWV WKDW HYHQ ZKHQ YHU\ JRRG LQVWUXPHQWV DUHDYDLODEOH WKHZDJHHIIHFWE PLJKW VWLOO QRW EH HVWLPDWHG FRUUHFWO\ LQ  DQGPD\ WKHUHIRUHFRQWLQXHWREHVPDOORUVWDWLVWLFDOO\LQVLJQLILFDQWGXHWRYDULRXVSURFHVVHVQRWEHLQJWDNHQLQWRDFFRXQW 7KHVH SURFHVVHV LQFOXGH L WKH JURZWK LQ ORFDO GHPDQG GXH WR LPPLJUDQWH[SHQGLWXUHVLLWKHLQIORZRIFDSLWDOLQUHVSRQVHWRLQFUHDVLQJORFDOGHPDQGDQGWKHLQFUHDVHLQWKHUDWHRIUHWXUQWRFDSLWDOLLLRXWZDUGPLJUDWLRQRIQDWLYHVLYDORFDOUHDOORFDWLRQRIUHVRXUFHV DFURVV VHFWRUV DQG DVVRFLDWHG DGMXVWPHQW RI LQWHUUHJLRQDO WUDGH WKH+HFNVFKHU2KOLQHIIHFWYDQGUHDOZDJHJURZWKRIQDWLYHVGXHWRLPPLJUDWLRQLQGXFHGWHFKQRORJLFDOFKDQJHDQGRUHFRQRPLHVRIVFDOHVHHHJ3RRWHWDO
 :KHQWKHUHLVVSDWLDOSHUVLVWHQFHLQZDJHJURZWKWKHSDVWPLJUDQWVWRFNZLOOEHKLJKO\FRUUHODWHGZLWKFXUUHQWZDJHJURZWKDQGWKHUHIRUHQRWVXLWDEOHDVDQLQVWUXPHQWIRUWKHFXUUHQWPLJUDQWLQIORZUDWH
*LYHQVXFKHQGRJHQRXVSURFHVVHVIROORZLQJDQLPPLJUDWLRQVKRFNZHFDQFRQFOXGHWKDWWKHZDJHHIIHFWZLOOEHODUJHULQPRUHFORVHGODERXUPDUNHWVDQGLQWKHVKRUWUXQZKHQWKHRIIVHWWLQJIDFWRUVKDYHQRWKDGVXIILFLHQWWLPHWRLQIOXHQFHWKHORFDOODERXUPDUNHWWKDQLQWKHORQJ UXQ 7KLV VXJJHVWV WKDW WKH ZDJH HIIHFW LV EHVW PHDVXUHG ZKHUH WKHUH LV QR QDWLYHDGMXVWPHQW SURFHVV SRVVLEOH$ FOHYHU DSSURDFK DGRSWHG E\%RUMDV  IRFXVHV RQ WKHGLVWULEXWLRQRIZRUNHUVDFURVV OHYHOVRIH[SHULHQFH LQ WKH86QDWLRQDO ODERXUPDUNHWZKLFKPD\EHFRQVLGHUHGFORVHGZLWKUHVSHFWWRQDWLYHVDV86HPLJUDWLRQUDWHVDUHVPDOO*LYHQWKHFRQFHQWUDWLRQRIQHZLPPLJUDQWVLQFHUWDLQORZVNLOOH[SHULHQFHJURXSVWKHHIIHFWRIZDJHVRQWKHVHZRUNHUVFDQEHLGHQWLILHG7KLVUHVHDUFKVXJJHVWVDYDOXHIRUE ZLWKUHVSHFWWRZHHNO\ZDJHVRIDURXQGZKLFKFDQEHFRQYHUWHGZLWKWKH86GDWDLQWRDQHODVWLFLW\RILHDWHQSHUFHQWVXSSO\VKRFNLQDSDUWLFXODUVNLOOH[SHULHQFHJURXSORZHUVWKHZDJHLQWKDWJURXSE\ IRXU SHUFHQW ,W LV WKHUHIRUH QRW VXUSULVLQJ WKDW WKLV VPDOO ZDJH HIIHFW LV LQ SUDFWLFHVZDPSHGE\WKHRWKHUHQGRJHQRXVSURFHVVHVIROORZLQJDQLPPLJUDWLRQVKRFNRXWOLQHGDERYH7KHUH LV KRZHYHU DV \HW QR DJUHHPHQW RQ ZKLFK DGMXVWPHQW SURFHVV LV SULPDULO\UHVSRQVLEOH IRU WKHVPDOOHIIHFWRIDQ LPPLJUDQW VKRFNRQZDJHV7KHUH LV IRUH[DPSOHQRFRQFOXVLYH HYLGHQFH WKDW DQ LPPLJUDWLRQ VKRFN OHDGV WR QHW RXWZDUG PLJUDWLRQ RI QDWLYHV&DUG DQG 'L1DUGR  ILQG WKH RSSRVLWH HIIHFW WKH VDPH DUHDV WHQG WR DWWUDFW ERWKLPPLJUDQWVDQGQDWLYHV+RZHYHU HDUOLHU%RUMDV HW DO  DUJXH WKDW VXFKREVHUYDWLRQVDUH VSXULRXV GXH WR WKH VSDWLDO YDULDWLRQ LQ WKH JURZWK SDWKV RI UHJLRQV DQG WKDW D FRUUHFWHVWLPDWLRQ RI WKH HIIHFW RI DQ LPPLJUDWLRQ VKRFN RQ WKH ORFDO JURZWK SDWK WKHQ LQYROYHVGRXEOH GLIIHUHQFLQJ RI WKH GDWD $IWHU FDUU\LQJ RXW VXFK GRXEOH GLIIHUHQFLQJ%RUMDV HW DOILQGVWURQJHYLGHQFHRIGLVSODFHPHQWRIQDWLYHVE\LPPLJUDQWV%RUMDVSFRQFOXGHV WKDW ³WKH VSHFLILFDWLRQ RI D FOHDU FRXQWHUIDFWXDO LV FUXFLDO LQ PHDVXULQJ DQGXQGHUVWDQGLQJ WKH OLQN EHWZHHQ LPPLJUDWLRQ QDWLYHPLJUDWLRQ GHFLVLRQV DQG WKH LPSDFW RILPPLJUDQWV RQ WKH ZDJH VWUXFWXUH´ 7KH PHWDDQDO\VLV FRQGXFWHG LQ WKH UHPDLQGHU RI WKLVSDSHUSURYLGHVVRPHLQVLJKWLQWRKRZGDWDDQGUHVHDUFKGHVLJQKDYHDIIHFWHGWKHFRQFOXVLRQVGUDZQRQWKLVLPSRUWDQWLVVXHRIWKHLPPLJUDWLRQGHEDWH
7+(6$03/(2)678',(67KH SULPDU\ VWXGLHV VXPPDULVHG LQ RXU PHWDDQDO\VLV KDYH EHHQ VHOHFWHG YLD H[WHQVLYHVHDUFKHV LQ (FRQ/LW DQG *RRJOH 7KH NH\ZRUGV IRU WKH VHDUFK ZHUH >LPPLJUDWLRQ 25LPPLJUDQW$1'ZDJH25HDUQLQJV@)XUWKHUUHIHUHQFHVWRSULPDU\VWXGLHVZHUHFROOHFWHGE\PHDQVRIVRFDOOHGVQRZEDOOLQJWHFKQLTXHVIURPOLWHUDWXUHUHYLHZVE\)ULHGEHUJDQG+XQW
 DQG%RUMDV  DVZHOO DV IURP WKH HPSLULFDO VWXGLHV DOUHDG\ FROOHFWHGZLWK WKHSUHYLRXVPHWKRG7KHPDMRULW\RIVWXGLHVDQDO\VLQJWKHZDJHHIIHFWRI LPPLJUDWLRQHVWLPDWHUHJUHVVLRQVE\PHDQVRIHTXDWLRQLHLQZKLFKORFDOZDJHVDUHH[SODLQHG±DPRQJRWKHUYDULDEOHV±E\WKH VKDUH RI LPPLJUDQWV LQ WKH ORFDO ODERXU PDUNHW 7KH VRFDOOHGHIIHFW VL]H ZH VWXG\ E\PHDQV RI PHWDDQDO\VLV ± DQG ZKLFK LV JRLQJ WR EH WKH GHSHQGHQW YDULDEOH LQ WKH PHWDUHJUHVVLRQ RI WKH QH[W VHFWLRQ ± LV WKHE FRHIILFLHQW RI WKH LPPLJUDQWV¶ VKDUH 6LQFH VRPHSULPDU\VWXGLHVUHSRUWHODVWLFLWLHVUDWKHUWKDQWKHE FRHIILFLHQWVZHFRQYHUWVXFKHODVWLFLWLHVWRE FRHIILFLHQWVE\PHDQVRIWKHIROORZLQJVLPSOHUHODWLRQVKLS
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7KLVLPSOLHVIRUH[DPSOHWKDWLIDQHODVWLFLW\LVUHSRUWHGRIDQGWKHREVHUYHGDYHUDJHLPPLJUDWLRQ VKRFN LQFUHDVHG WKH SURSRUWLRQ RI LPPLJUDQWV LQ WKH ORFDO ODERXUPDUNHW IURPIRXUWRQLQHSHUFHQWWKHHIIHFWVL]HLV[ $V QRWHG LQ WKH SUHYLRXV VHFWLRQ DQRWKHU VWUDQG RI WKH OLWHUDWXUH ± WKH VRFDOOHG IDFWRUSURSRUWLRQV DSSURDFK ± DQDO\VHV WKHZDJH HIIHFW RI LPPLJUDWLRQ E\ FRQVLGHULQJ QDWLYH DQGLPPLJUDQW ZRUNHUV DV VHSDUDWH SURGXFWLRQ LQSXWV DQG E\ VLPXODWLQJ WKH HIIHFW RI D VXSSO\VKRFN JLYHQ D VSHFLILF SURGXFWLRQ WHFKQRORJ\ 6XFK VWXGLHV W\SLFDOO\ HVWLPDWH DQG XVHHODVWLFLWLHV RI VXEVWLWXWLRQ EHWZHHQ QDWLYH DQG LPPLJUDQW ZRUNHUV DQG DJDLQ WKH UHVXOWLQJHODVWLFLWLHVDUHFRQYHUWHGWRE FRHIILFLHQWVDVDERYH2XU ILQDO PHWDGDWDEDVH FRQVLVWV RI  HIIHFW VL]HV HVWLPDWHV RIE FROOHFWHG IURP DVDPSOH RI HLJKWHHQ VWXGLHV DQDO\VLQJ WKH HIIHFW RI LPPLJUDWLRQ RQ ZDJHV RI QDWLYH DQGRUSUHYLRXV LPPLJUDQWZRUNHUV7DEOH VKRZV WKH QXPEHU RI HIIHFW VL]HV REWDLQHG IURPHDFKVWXG\DQG)LJXUHSORWVWKHYDOXHRIVXFKHIIHFWVL]HVLQDVFHQGLQJRUGHU$VWKHILJXUHFOHDUO\VKRZV± DQG DV DOUHDG\ QRWHG E\%RUMDV  ± WKHPDMRULW\ RI HIIHFW VL]HV DUH FOXVWHUHGDURXQG]HUR7KHHIIHFWVL]HVDUHIDLUO\V\PPHWULFDOO\GLVWULEXWHGDOWKRXJKWKHGLVWULEXWLRQRIWKHHIIHFWVL]HVDSSHDUVWREHQRQQRUPDODQGDOVRVRPHZKDWQHJDWLYHO\VNHZHG
7$%/($%287+(5(
 7KHVWDQGDUGHUURUVRIHDFKHIIHFWVL]HDUHUHFRYHUHGLQZD\WKDWHQVXUHVWKDWWKHWYDOXHVDUHH[DFWO\WKHVDPHEHIRUH DQG DIWHU WKH WUDQVIRUPDWLRQ +HQFH WKH WUDQVIRUPDWLRQ GRHV QRW DIIHFW WKH VLJQLILFDQFH OHYHO RI WKHFRPSDUHGHIIHFWVL]HV
)LJXUH DOVR VXJJHVWV WKDW VRPHRXWOLHUV DUHSUHVHQW LQRXUGDWD VHW ,QRUGHU WR DYRLG DPDMRULQIOXHQFHRIRXWOLHUVRQWKHUHVXOWVWKUHHHIIHFWVL]HVWKDWDUHJUHDWHUWKDQVL[LQDEVROXWHYDOXHDUHRPLWWHGIURPWKHDQDO\VLVRQHHDFKIURP(QFKDXWHJXL)ULHGEHUJDQG$GGLVRQDQG:RUVZLFN7KHKLVWRJUDPRIWKHUHPDLQLQJHIIHFWVL]HVLVVKRZQLQ)LJXUH
),*85($1'),*85($%287+(5(
7KHILUVWURZRI7DEOHVKRZVWKHDYHUDJHVWDQGDUGGHYLDWLRQPLQLPXPDQGPD[LPXPYDOXHRIWKHHIIHFWVL]HVLQFOXGHGLQWKHDQDO\VLV7KHRYHUDOOPHDQLV7KLVLPSOLHVWKDWLI LPPLJUDQWV DV D SURSRUWLRQ RI WKH ODERXU IRUFH GRXEOHG IURP EHLQJ RQH RXW RI WZHQW\ZRUNHUV WR EHLQJ RQH RXW WHQ ZRUNHUV WKH QDWXUDO ORJDULWKP RI DYHUDJH ZDJH LQ WKH ORFDOODERXU PDUNHW ZRXOG GHFUHDVH E\  LH ZDJHV ZRXOG GHFUHDVH E\ RQO\ DERXW SHUFHQW7KHH[DPSOHLOOXVWUDWHVWKDWRQDYHUDJHDFURVVDOOVWXGLHVWKHHIIHFWRILPPLJUDWLRQRQZDJHVLVYHU\VPDOO7KH NH\ TXHVWLRQ LV WR ZKDW H[WHQW WKLV LV WUXH RI DOO VWXGLHV RU ZKHWKHU WKHUH LV VRPHV\VWHPDWLFYDULDWLRQLQHIIHFWVL]HVDFURVVVWXGLHV7KHDYDLODEOHVWXGLHVGLIIHULQDQXPEHURIZD\VVRPHRIZKLFKPD\PDWWHUIRUWKHUHVXOWV7KHVWXG\IHDWXUHVWKDWZHZDQW WRDQDO\VHDUH OLVWHG LQ7DEOH7KHVHDUH DOO FDWHJRULFDO YDULDEOHV DQG WKH VDPSOH DYHUDJHV VWDQGDUGGHYLDWLRQV PLQLPXP DQG PD[LPXP YDOXHV FRUUHVSRQGLQJ WR GLIIHUHQW FODVVLILFDWLRQV RIREVHUYDWLRQVDUHDOVRUHSRUWHGLQ7DEOH6XFKFODVVLILFDWLRQVZLOOEHXVHGWRGHWHUPLQH WKHLQGHSHQGHQW GXPP\ YDULDEOHV ± DOVR FDOOHGPRGHUDWRU YDULDEOHV ± IRU D PHWDUHJUHVVLRQDQDO\VLV7KHWDEOHVKRZVWKDWDOPRVWDOOVDPSOHPHDQVVXJJHVWDVPDOOEXWQHJDWLYHHIIHFWRILPPLJUDWLRQ RQ ZDJHV )XUWKHUPRUH D QXPEHU RI VWXG\ IHDWXUHV VXFK DV WKH FRXQWU\ IRUZKLFK WKH VWXG\ZDV FRQGXFWHGPD\EH H[SHFWHG WRKDYH DQ LPSDFWRQ WKH HIIHFW VL]HV DVVDPSOHPHDQVYDU\VWURQJO\EHWZHHQWKHGLIIHUHQWFDWHJRULHVRIWKHVWXG\IHDWXUH
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 $ VHQVLWLYLW\ DQDO\VLV LQFOXGLQJ WKH RXWOLHUV VKRZHG WKDW WKH\ KDYH D QRQQHJOLJLEOH LQIOXHQFH RQ WKH ILQDOUHVXOWV7KHLQFOXVLRQRIWKHRXWOLHUVGRHVQRWFKDQJHWKHVLJQVRIWKHPHWDUHJUHVVLRQFRHIILFLHQWVEXWFKDQJHVWKHLUVLJQLILFDQFHOHYHO)XUWKHUPRUHWKHJRRGQHVVRIILWLVEHWWHURQFHWKHRXWOLHUVDUHH[FOXGHG
7R DVVHVV WKH VWDWLVWLFDO VLJQLILFDQFH RI WKH YDULDWLRQ LQ HIIHFW VL]HV DFURVV GLIIHUHQWFDWHJRULHV IRU HDFK VWXG\ IHDWXUH ZH QHHG WR WDNH WKH SRVVLEOH LQWHUDFWLRQV EHWZHHQ VWXG\IHDWXUHVLQWRDFFRXQW7KXVQRWLFHDEOHGLIIHUHQFHVEHWZHHQVWXG\UHVXOWV WKDWZHPD\GHWHFWE\PHDQVRIWKHXQLYDULDWHFRPSDULVRQRIHIIHFWVL]HVLQ7DEOHPD\QRORQJHUVKRZXSLQDPXOWLYDULDWHFRQWH[W,WLVWKHUHIRUHSUHIHUDEOHWRDVVHVVWKHLPSDFWRIVWXG\FKDUDFWHULVWLFVE\PHDQVRIUHJUHVVLRQWHFKQLTXHV
0(7$5(*5(66,21$1$/<6,6:HXVHWKHVWDWLVWLFDOWRROVRIPHWDDQDO\VLVWRIXUWKHULQYHVWLJDWHWKHUHODWLRQVKLSVEHWZHHQUHVHDUFK GHVLJQ LQ PHDVXULQJ WKH ZDJH LPSDFW RI LPPLJUDWLRQ DQG WKH HPSLULFDO ILQGLQJV'HWDLOHG GLVFXVVLRQV RI WKH YDULRXV WHFKQLTXHV WKDW DUH DYDLODEOH FDQ EHLQWHU DOLD IRXQG LQ&RRSHUDQG+HGJHVDQG6XWWRQHWDO$VZDVDOUHDG\FOHDUIURPWKHGLVFXVVLRQRIWKHSUHYLRXVVHFWLRQVWKHHIIHFWVL]HVLQFOXGHGLQ RXU GDWDEDVH DUH FRPSXWHG IRU GLIIHUHQW FRXQWULHV DQG XVH GLIIHUHQW GHILQLWLRQV RILPPLJUDQWVDQGQDWLYHVHJLQWHUPVRIJHQGHUDQGVNLOOV7KH\DOVRGLIIHULQ WHUPVRI WKHVWDWLVWLFDO DSSURDFK IXQFWLRQDO IRUPV DQG HVWLPDWRUV XVHG WR FRPSXWH WKH HIIHFW RILPPLJUDWLRQ6XFKGLIIHUHQFHVDUH OLNHO\WRFDXVHKHWHURJHQHLW\RI WKHHIIHFWVL]HV$WHVWRIWKH K\SRWKHVLV WKDW VWXGLHV VKDUH D FRPPRQ SRSXODWLRQ HIIHFW VL]H XVHV WKH IROORZLQJKRPRJHQHLW\VWDWLVWLF6KDGLVKDQG+DGGRFNS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+RPRJHQHLW\ RI WKH VDPSOH LPSOLHV D FRPPRQ HIIHFW VL]HE  E     E.  E ,I4H[FHHGV WKH XSSHUWDLO FULWLFDO YDOXH RI WKH FKLVTXDUH GLVWULEXWLRQ ZLWK. GHJUHHV RIIUHHGRPWKHREVHUYHGYDULDQFHLQHVWLPDWHGHODVWLFLWLHVLVJUHDWHUWKDQZKDWZHZRXOGH[SHFWE\FKDQFHLIDOOVWXGLHVVKDUHGWKHVDPHµWUXH¶SDUDPHWHU:KHQZLWKLQVWXG\VDPSOHVL]HVDUHUDWKHU ODUJH4 LV OLNHO\ WR EH UHMHFWHG HYHQZKHQ WKH LQGLYLGXDO HIIHFW VL]HV GR QRW GLIIHUPXFKSDUWLFXODUO\ZKHQZHKDYH D ODUJH VDPSOHRIREVHUYDWLRQV  DV LQRXU FDVH7KHEHVWZD\WRDFFRXQWIRUKHWHURJHQHLW\LVWKHQWRXVHUHJUHVVLRQWHFKQLTXHV,QRXUPHWDVDPSOHWKH4WHVWIRUKHWHURJHQHLW\KDVDODUJHYDOXHRIZKLFKLVKLJKO\VLJQLILFDQW$ ZLWKGHJUHHVRI IUHHGRP7KH UHVXOW RI WKH WHVW FOHDUO\ LQGLFDWHV WKDW GLIIHUHQFHV DFURVV RXUHIIHFWVL]HVDUHQRWRQO\GXHUDQGRPHUURULQWKHRULJLQDOHVWLPDWLRQV:HPRGHOVXFKKHWHURJHQHLW\RIHIIHFWVL]HVE\PHDQVRIPHWDUHJUHVVLRQV7KHPRGHUDWRUYDULDEOHVRIWKHUHJUHVVLRQVFRUUHVSRQGWRWKHJURXSLQJVRIHIIHFWVL]HVLOOXVWUDWHGLQ7DEOH7KHUHJUHVVLRQUHVXOWVDUHFRPSXWHGZLWKHIIHFWVL]HVDQGDUHVKRZQLQ7DEOH$NH\TXHVWLRQRIHYHU\PHWDDQDO\VLVLVWKHH[WHQWWRZKLFKWKHREWDLQHGVDPSOHRIHIIHFWVL]HVPD\EHFRQVLGHUHGUHSUHVHQWDWLYHRIWKHSRSXODWLRQRIVWXGLHV%HFDXVHRIWKHWHQGHQF\RIDXWKRUVUHIHUHHVDQGHGLWRUVWRIDYRXUWKHSXEOLFDWLRQRIVWDWLVWLFDOO\VLJQLILFDQWUHVXOWVWKHVDPSOHRI VWXGLHV DQG WR D OHVVHU H[WHQWRI HIIHFW VL]HV LV OLNHO\ WR EH ELDVHG WRZDUGPRUHVLJQLILFDQW UHVXOWV 6WDQOH\ HWDO:H WU\ WR UHGXFH WKH LPSDFWRISXEOLFDWLRQELDV LQWZRZD\V)LUVWO\VLQFHFRQYHQWLRQDOZLVGRPVXJJHVWVWKDWSXEOLFDWLRQELDVLVPRUHOLNHO\LQSXEOLVKHGWKDQLQXQSXEOLVKHGDQDO\VHVZHLQFOXGHLQRXUPHWDGDWDEDVHERWKSXEOLVKHGDQGXQSXEOLVKHGVWXGLHV6HFRQGO\ LIZHDVVXPH WKDW DXWKRUV FKRRVH WKH VLJQLILFDQW UHVXOWV WKDWFRQIRUPWRWKHLUWKHRULHVDVWKHLUSUHIHUUHGPRGHOVSHFLILFDWLRQEXWQHYHUWKHOHVVSXEOLVKDOVRVRPHRIWKHLUQRQVLJQLILFDQWUHVXOWVWKHQWKHHIIHFWRISXEOLFDWLRQELDVVKRXOGEHPLWLJDWHGE\ VDPSOLQJ DOO HVWLPDWHV SXEOLVKHG LQ HDFK SULPDU\ VWXG\ )RU WKLV UHDVRQ ZH DGRSW WKHWHFKQLTXHRIPXOWLSOHVDPSOLQJE\LQFOXGLQJLQRXUDQDO\VLVDOOHIIHFWVL]HVFRPSXWHGLQHDFKSULPDU\VWXG\:H WHVW IRU SXEOLFDWLRQ ELDV E\ XVLQJ RQH RI WKH WHVWV VXJJHVWHG E\&DUG DQG .UXHJHUWKURXJKDVVHVVLQJWKHUHODWLRQVKLSEHWZHHQWKHHIIHFWVL]HVWRWKHLUVWDQGDUGHUURUV,IWKHUHLVSXEOLFDWLRQELDVDQGVLJQLILFDQWHIIHFWVL]HVDUHPRUHOLNHO\WREHSXEOLVKHGWKHUDWLRVRIHIIHFWVL]HVGLYLGHGE\WKHLUVWDQGDUGHUURUVZLOOEXQFKDURXQGWZR/LNH$VKHQIHOWHUHWDO
 7KHRPLWWHGREVHUYDWLRQKDGDUHSRUWHGVWDQGDUGHUURURI
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 ZH VLPXOWDQHRXVO\ FRUUHFW IRU WKH SUREOHP RI KHWHURJHQHLW\ RI WKH HIIHFW VL]HV E\DGGLQJPRGHUDWRUYDULDEOHVWRWKHUHJUHVVLRQWHVWLQJIRUSXEOLFDWLRQELDV7KHUHVXOWVRIWKLVWHVWDUHVKRZQLQWKHILUVWFROXPQRI7DEOH7KHPRGHOLVHVWLPDWHGE\PHDQVRI2/6 ,ISXEOLFDWLRQELDVZHUHSUHVHQWZHZRXOGH[SHFWDQDEXQGDQFHRISXEOLVKHGW VWDWLVWLFVRIDURXQGWZRLHSURSRUWLRQDOLW\EHWZHHQHIIHFWVL]HVDQGWKHLUVWDQGDUGHUURUV,QWKH UHJUHVVLRQ VKRZQ LQ FROXPQ  RI 7DEOH  WKH VWDQGDUG HUURU RI WKH HIIHFW VL]H LV QRWVLJQLILFDQWDWDQ\FRQYHQWLRQDOOHYHOWKXVVXJJHVWLQJWKDWSXEOLFDWLRQELDVLVQRWDPDMRULVVXHLQRXUVDPSOH,QWKHDEVHQFHRISXEOLFDWLRQELDVWKHVWDQGDUGHUURUFDQEHRPLWWHGIURPWKHUHJUHVVLRQ&ROXPQRI7DEOH VKRZV WKH UHVXOWLQJPHWDUHJUHVVLRQHVWLPDWHGE\PHDQVRI2/66XFK DQ DSSURDFK JLYHV HTXDO ZHLJKW WR HDFK HIIHFW VL]H $ FRPPRQ SUDFWLFH LQ PHWDUHJUHVVLRQDQDO\VLVLVWRZHLJKHDFKHIIHFWVL]HE\WKHLQYHUVHRILWVVWDQGDUGHUURULQRUGHUWRJLYH KLJKHUZHLJKWV WR WKRVH HIIHFW VL]HV WKDW DUHPRUH SUHFLVH LH KDYH D ORZHU YDULDQFH(IIHFWLYHO\WKLVLVWKHPXOWLSOHUHJUHVVLRQHTXLYDOHQWRIHTXDWLRQ)XUWKHUPRUHZHLJKWLQJHDFK REVHUYDWLRQ LQ UHJUHVVLRQ E\ WKH LQYHUVH RI WKH HVWLPDWHG VWDQGDUG GHYLDWLRQ KDV WKHHIIHFWRI UHGXFLQJ WKH UHVLGXDOXQH[SODLQHGKHWHURJHQHLW\ 7KRPSVRQ7KH UHVXOWVRIWKLVDSSURDFKDUHVKRZQLQFROXPQRI7DEOH7KHHVWLPDWHVDUHFRPSXWHGE\PHDQVRIZHLJKWHGOHDVWVTXDUHV:/6$ZHDNQHVVRIWKLVDSSURDFKLVWKDW:/6DUHLQHIILFLHQWZKHQWKHZHLJKWVDUHFRUUHODWHGZLWKWKHGLVWXUEDQFHV*UHHQHRUZKHQWKHHIIHFWVL]HVDUHFRUUHODWHG ZLWK HDFK RWKHU *OHVHU DQG 2ONLQ  $ IXUWKHU SUREOHP RI WKLV DSSURDFKFRQFHUQVWKHFRPSDUDELOLW\RIWKHVWDQGDUGHUURUVRIWKHSULPDU\VWXGLHVVLQFHVWDQGDUGHUURUVWKDWDUHµUREXVW¶IRUKHWHURVNHGDVWLFLW\DUHFHWHULVSDULEXVKLJKHUWKDQWKRVHQHJOHFWLQJVXFKDPLVVSHFLILFDWLRQ7KLVLVVXHZLOOEHHODERUDWHGIXUWKHUEHORZ,QWKHPHGLFDOILHOGDFRPPRQDOWHUQDWLYHWR2/6DQG:/6HVWLPDWRUVLVWKHPL[HGHIIHFWPRGHO W\SLFDOO\HVWLPDWHGE\PHDQVRI0D[LPXP/LNHOLKRRG0/HVWLPDWRUV7KHPL[HGHIIHFW PRGHO LV JHQHUDOO\ SUHIHUUHG ZKHQ SDUW RI WKH KHWHURJHQHLW\ LV QRW FDSWXUHG E\ WKHH[SODQDWRU\ YDULDEOHV LQFOXGHG LQ WKH PRGHO VHH IRU H[DPSOH6XWWRQ HW DO  7KHUHVXOWVRIWKHPL[HGHIIHFWPRGHODUHVKRZQLQFROXPQRI7DEOH$OVRWKLVDSSURDFKKDVDGUDZEDFNLWDVVXPHVDGGLWLYLW\RIHIIHFWVL]HV¶YDULDQFHV,QHFRQRPLFPHWDDQDO\VHVRIWHQ
 :HDOVRFRPSXWHGDOWHUQDWLYH WHVWV VXFKDV WKHRQHV VXJJHVWHGE\)ORUD[ EDQG6WDQOH\HW DO ZLWKRXWILQGLQJKRZHYHUDFRQFOXVLYHHYLGHQFHRISXEOLFDWLRQELDVE\PHDQVRIWKHVHWHVWV
 $OOHVWLPDWLRQVKDYHEHHQGRQHZLWK6WDWD
 :KHQWKHDLPRIWKHDQDO\VLVLVWRYHULI\WKHHIIHFWRIFHUWDLQVWXG\FKDUDFWHULVWLFVRQWKHHVWLPDWHGHIIHFWVL]HVUDWKHUWKDQUHDFKLQJDKLJKJRRGQHVVRIILWWKH2/6RU:/6DSSURDFKHVPLJKWEHSUHIHUUHGIRUWKHLUUREXVWQHVV
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FKDUDFWHULVHGE\PXOWLSOHREVHUYDWLRQVIURPHDFKVWXG\WKLVDGGLWLYLW\DVVXPSWLRQPLJKWQRWKROG,QVXFKDVLWXDWLRQWKHREWDLQHGHVWLPDWHVPLJKWEHPLVOHDGLQJ:LWKRQO\IHZH[FHSWLRQVWKHUHVXOWVRIWKHWKUHHHVWLPDWLRQWHFKQLTXHVVHHPWREHUDWKHUFRQVLVWHQWDVVKRZQLQ7DEOH
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,Q DQ RSHQ ODERXUPDUNHW DGMXVWPHQW SURFHVVHV VXFK DV QDWLYH RXWPLJUDWLRQ WUDGH DQGFDSLWDOLQIORZPLJKWELDVWKHHVWLPDWLRQRIWKHHIIHFWRILPPLJUDWLRQWRZDUGV]HUR$VDUHVXOWWKHHIIHFWRIWKHVHDGMXVWPHQWSURFHVVHVZLOOEHODUJHULQVPDOODUHDVWKDQLQELJDUHDV&DUG7KRVHVWXGLHVIRFXVLQJRQVPDOOJHRJUDSKLFDUHDVDUHWKHUHIRUHPRUHOLNHO\WRPLVVDQHJDWLYHHIIHFWRI LPPLJUDWLRQRQQDWLYHZDJHV WKDQ WKRVHIRFXVLQJRQ ODUJHDUHDV VHHDOVR%RUMDVHWDO 7KHVDPSOHPHDQVLQ7DEOHVKRZDELJJHUQHJDWLYHHIIHFWLQODUJHDUHDVVXFKDV86VWDWHVRU86ODUJHUHJLRQVWKDQLQVPDOOHUDUHDVVXFKDV606$VLQWKH867KH2/6UHVXOWVVXJJHVW WKDW WKHFRHIILFLHQWHVWLPDWHGIRU ODUJHUDUHDV LVPRUHQHJDWLYH WKDQ WKHFRHIILFLHQW HVWLPDWHG LQ VPDOOHU DUHDV DQG WKDW LW LV HYHQ PRUH QHJDWLYH ZKHQ WKH DUHDFRLQFLGHVZLWKDFRXQWU\ DQHQWLUH FRXQWU\ LV± UHODWLYHO\ VSHDNLQJ± WKH OHDVWRSHQ UHJLRQ7KH ODUJHVW LPPLJUDWLRQ HIIHFWV DUH LQGHHG REVHUYHG DW WKH QDWLRQDO OHYHO +RZHYHU WKHGLIIHUHQFHV DUH QRW VWDWLVWLFDOO\ VLJQLILFDQW VXJJHVWLQJ WKDW VXFK HTXLOLEUDWLQJ IDFWRUVPLJKWKDYHRQO\D ORQJUXQHIIHFW VHH%RUMDV7KH:/6FROXPQDQG WKH0L[HG(IIHFWHVWLPDWRUV VKRZ LQVWHDG UDWKHU VXUSULVLQJO\ D SRVLWLYH DQG VLJQLILFDQW FRHIILFLHQW IRU WKHµ/DUJH$UHDV¶GXPP\*LYHQ WKDWDGMXVWPHQWHIIHFWVDUHH[SHFWHG WREH VWURQJHU LQ FRXQWULHVZLWKKLJK UDWHVRILQWHUQDOPRELOLW\ZHPLJKWH[SHFWWKHHIIHFWVL]HVWREHODUJHULQFRXQWULHVZLWKORZHULQWHUQDOPRELOLW\7KLVZRXOGVXJJHVWIRUH[DPSOHWKDWHIIHFWVL]HVZRXOGEHODUJHULQ(XURSHZKHUHJHRJUDSKLFDOPRELOLW\LVUHODWLYHO\ORZWKDQLQWKH86ZKHUHLWLVKLJK7KHUHVXOWVLQ7DEOH FRQILUP WKDW WKH HIIHFW VL]HV HVWLPDWHG E\ VWXGLHV IRFXVVLQJ RQ WKH 86 VHHP WR EHVLJQLILFDQWO\FORVHUWR]HURWKDQWKHRQHVHVWLPDWHGE\VWXGLHVIRFXVVLQJRQWKH(8'LIIHUHQW RXWFRPHV RQ WKH ZDJH HIIHFW RI LPPLJUDWLRQ PLJKW EH FRQQHFWHG WR GLIIHUHQWGHILQLWLRQV RI WKH ODERXU PDUNHWV :KLOH LQ VRPH VWXGLHV WKH ORFDO ODERXU PDUNHW LV RQO\GHILQHGLQWHUPVRIJHRJUDSKLFDODUHDVLQRWKHUVWXGLHVWKHORFDOODERXUPDUNHWLVGHILQHGE\WZR YDULDEOHV JHRJUDSK\ DQG RFFXSDWLRQVVNLOOV 6LQFH WKH HVWLPDWHG HIIHFW VL]HV PLJKW EHELDVHG WRZDUGV ]HUR E\ WKH QDWLYHV¶ RXWPLJUDWLRQ QDUURZHU GHILQLWLRQV RI ORFDO ODERXUPDUNHWVPLJKW UHVXOW LQ KLJKHU ELDVHV 7R FDOFXODWH WKH HIIHFW RI LPPLJUDWLRQ RQZDJHVZH
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VKRXOGWKHUHIRUHQRWRQO\DGRSWDFRXQWHUIDFWXDORI]HURPLJUDWLRQRIQDWLYHVEXWDOVRRI]HURPRYHPHQWDFURVVRFFXSDWLRQVVNLOOV:HWKHUHIRUHH[SHFWWKHHIIHFWVL]HVWREHFORVHUWR]HURZKHQ HVWLPDWHG RQ WKH EDVLV RI D QDUURZHU ± DUHD DQG RFFXSDWLRQ ± GHILQLWLRQ RI ODERXUPDUNHWV+RZHYHUWKHUHVXOWVRI7DEOHGRQRWFRQILUPVXFKK\SRWKHVLV$QRWKHUVRXUFHRIXQGHUHVWLPDWLRQRIWKHHIIHFWVRILPPLJUDWLRQFDQEHIRXQGLQWKHQRQUDQGRPGLVWULEXWLRQ RI LPPLJUDQWV DFURVV WKH ODERXUPDUNHW DUHDV FRPSDUHG ,I LPPLJUDQWVORFDWHLQWKRVHDUHDVRIIHULQJKLJKHUZDJHVWKHQLQVWUXPHQWDOYDULDEOHVHVWLPDWRUVDUHQHHGHGWR FRUUHFW IRU WKLV HQGRJHQHLW\ SUREOHP DQG WKHUHIRUH WR DYRLG WKH HVWLPDWLRQ RI D VSXULRXVUHODWLRQVKLS EHWZHHQZDJHV DQG LPPLJUDWLRQ VHH%RUMDV  )ULHGEHUJ DQG+XQW DQG &DUG  7KH UHJUHVVLRQV VXJJHVW WKDW WKRVH SULPDU\ VWXGLHV WKDW GLG QRW XVHLQVWUXPHQWDOYDULDEOHHVWLPDWRUVWHQGWRILQGOHVVQHJDWLYHHIIHFWVL]HV7KHUHVXOWVDUHDOPRVWDOZD\VVLJQLILFDQW+RZHYHUHQGRJHQHLW\RILPPLJUDQWV¶ORFDWLRQGHFLVLRQVPLJKWEHRQO\DPLQRU SUREOHP$OWRQML DQG&DUG 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